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0DGV+ROWHQ5DVPXVVHQ3LHWHU3DXZHOV&KULVWLDQ$QNHU+YLLGDQG-DQ.DUOVKºM
$EVWUDFW,QWKHODVW\HDUVVHYHUDORQWRORJLHVIRFXVHGRQVWUXFWXULQJGRPDLQVSHFLILF
LQIRUPDWLRQZLWKLQWKHVFRSHRI$UFKLWHFWXUH(QJLQHHULQJDQG&RQVWUXFWLRQ$(&
KDYH HPHUJHG 6HYHUDO RI WKHVH LQGLYLGXDO RQWRORJLHV UHGHILQH FRUH FRQFHSWV RI D
EXLOGLQJ DOUHDG\ VSHFLILHG LQ WKH SXEOLFO\ DYDLODEOH RQWRORJ\ YHUVLRQ RI WKH ,62
VWDQGDUGLVHG,QGXVWU\)RXQGDWLRQ&ODVVHV,)&VFKHPDWKHUHE\YLRODWLQJWKH:&
EHVW SUDFWLFH UXOH RI PLQLPXP UHGXQGDQF\ 7KH YROXPLQRXV ,)& VFKHPD ZLWK
RULJLQV LQ D FORVHGZRUOG DVVXPSWLRQ LV OLNHZLVH YLRODWLQJ WKLV UXOH E\ UHGHILQLQJ
FRQFHSWVDERXWWLPHORFDWLRQXQLWVHWFDOUHDG\DYDLODEOHIURPRWKHUVRXUFHVDQGLW
LVIXUWKHUPRUHYLRODWLQJWKHUXOHRINHHSLQJRQWRORJLHVVLPSOHIRUHDV\PDLQWHQDQFH
%DVHG RQ DOO WKH DYDLODEOH RQWRORJLHV ZH SURSRVH D VLPSOH %XLOGLQJ 7RSRORJ\
2QWRORJ\%27RQO\FRYHULQJWKHFRUHFRQFHSWVRIDEXLOGLQJDQGWKUHHPHWKRGV
IRU H[WHQGLQJ WKLV ZLWK GRPDLQ VSHFLILF RQWRORJLHV 7KLV DSSURDFK PDNHV LW 
SRVVLEOHWRZRUNZLWKDOLPLWHGVHWRIFRUHEXLOGLQJFODVVHVDQGH[WHQGWKRVHDV
QHHGHG WRZDUGV VSHFLILF GRPDLQ RQWRORJLHV WKDW DUH LQ KDQGV RI EXVLQHVV
SURIHVVLRQDOV RU GRPDLQVSHFLILF VWDQGDUGLVDWLRQ ERGLHV VXFK DV WKH (XURSHDQ
7HOHFRPPXQLFDWLRQV 6WDQGDUGV ,QVWLWXWH (76, EXLOGLQJ60$57 WKH 2SHQ
*HRVSDWLDO&RQVRUWLXP2*&DQGVRIRUWK
.H\ZRUGV /LQNHG 'DWD %XLOGLQJ ,QIRUPDWLRQ 0RGHOOLQJ :HE RI 'DWD %XLOGLQJ
7RSRORJ\2QWRORJ\
 ,1752'8&7,21
'HVLJQDQGSODQQLQJRIEXLOGLQJVLVDFRPSOH[DQGLWHUDWLYHSURFHVVLQYROYLQJLQWHUDFWLRQ
EHWZHHQ VHYHUDO VWDNHKROGHUV$VXEVWDQWLDO SDUWRI WKH FRPSOH[LW\ RULJLQDWHV IURP WKH
DPRXQWRI LQIRUPDWLRQWREHKDQGOHG WKHQXPEHURISDUWLHVSRVVHVVLQJDQG FRQVXPLQJ
WKH LQIRUPDWLRQ DQG WKH ODFN RI WRROV WKDW FDQ FRPELQH WKH GLVWULEXWHG LQIRUPDWLRQ
VWUXFWXUH WKH GDWD DQG SUHVHQW LW LQ DZD\ WKDW LV EHQHILFLDO WR WKH LQGLYLGXDO EXLOGLQJ
SODQQHU.LYLQLHPL%XLOGLQJ,QIRUPDWLRQ0RGHOOLQJ%,0KDVEHHQLQWURGXFHGLQ
WKHLQGXVWU\WRRYHUFRPHWKLVSUREOHP:LWKWKLVLQWURGXFWLRQWKHHQWLUHLQGXVWU\LVQRZ
VKLIWLQJIURPDQLQLWLDO%,0VWDJHZLWKVLQJOHGLVFLSOLQDU\VLORPRGHOVPDWXULW\OHYHO
WRDGDWDFHQWULF%,0VWDJHPDWXULW\OHYHOZLWKDSXUSRVHIXOO\LQWHUOLQNHGQHWZRUNRI
GDWD6XFFDU
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
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3URSRVDORID&HQWUDO$(&2QWRORJ\IRU'RPDLQ6SHFLILF([WHQVLRQV
/LQNHG'DWD WHFKQRORJLHV DOORZ IRU WKLV VKDUHDEOH GDWDPRGHO WREH QRW RQHPRGHO
EXWVHYHUDOVPDOOHULQWHUOLQNHGPRGHOVWRJHWKHUIRUPLQJDFRPSOHWHGDWDUHSUHVHQWDWLRQ
7KH SDUWLWLRQLQJ LQWR VXEGLVFLSOLQDU\ GDWD PRGHOV VROYHV WKH LVVXH ZLWK VHYHUDO
VWDNHKROGHUV QHHGLQJ WR VSHFLI\ FDSDELOLWLHV RI D VLQJOH EXLOGLQJ REMHFW ,W PDNHV LW
IXUWKHUPRUHHDVLHUWRVSHFLI\DQGUHVSHFW OHJDOUHVSRQVLELOLWLHVDQGLQWHOOHFWXDOSURSHUW\
ULJKWV ,35$QRWKHUDGYDQWDJHRI OLQNHGGDWD LV WKDWDYDVWDPRXQWRIGDWD LVDOUHDG\
DYDLODEOH RQOLQHPDNLQJ LW SRVVLEOH WR LQWHJUDWH WKH EXLOGLQJPRGHOVZLWK OLQNHG RSHQ
GDWDVXFKDVZHDWKHULQIRUPDWLRQSK\VLFDOFDSDELOLWLHVRIPDWHULDOVSURGXFWGDWDVKHHWV
VHQVRUUHDGLQJVXQLWFRQYHUVLRQDQG*HRJUDSKLF,QIRUPDWLRQ6\VWHP*,6
7KLV SDSHU LV VLWXDWHG LQ WKLV FRQWH[W RI LQWHUOLQNLQJ EXLOGLQJ GDWD XVLQJ ZHE
WHFKQRORJLHV 6HYHUDO RQWRORJLHV KDYH QRZ EHHQ VSHFLILHG DQG SURSRVHG DLPLQJ WR
FDSWXUH VSHFLILF NQRZOHGJH UHODWHG WR EXLOGLQJV JHRJUDSKLFDO ORFDWLRQ VHQVRU GDWD
GRPRWLFV FRQVWUXFWLRQ GDWD DQG VR IRUWK 7KH DLP RI WKLV SDSHU LV WR UHYLHZ WKHVH
SXEOLFO\DYDLODEOH RQWRORJLHV DQG WR FODULI\ KRZ WKH\ RYHUODS HDFK RWKHU VHFWLRQ  ,Q
VHFWLRQDVLPSOH%27RQWRORJ\LVVXJJHVWHGWRUHSUHVHQWWKHRYHUODSSLQJEXLOGLQJGDWD
IRXQG LQ VHFWLRQ  DQG LQ VHFWLRQ  WKUHH GLIIHUHQW DSSURDFKHV WR H[WHQGLQJ %27 E\
H[LVWLQJ RQWRORJLHV *,6 DQG DSSOLDQFHV LQ WKLV DUWLFOH E\ OLQNLQJ GDWDVHWV HDFK
IROORZLQJ DQ RQWRORJ\ DUH H[DPLQHG KHQFH FOHDUO\ VKRZLQJ KRZ GDWD DQG RQWRORJ\
UHXVH FDQ EH GRQH IRU WKH $(& LQGXVWU\ 7KH DSSURDFKHV DUH  WKURXJK DQ XSSHU
RQWRORJ\E\GHILQLQJHTXLYDOHQFHFODVVHVDQGE\XVLQJW\SHGOLQNVDQGWKHODWWHU
FRPHVRXWDVWKHSUHIHUUHGDSSURDFK
 5(9,(:2)(;,67,1*%8,/',1*2172/2*,(6
5HFHQWUHVHDUFKSURMHFWVVXJJHVWXVLQJZHERIGDWDWHFKQRORJLHVIRUPDQDJLQJEXLOGLQJ
GDWD WKHUHE\PDNLQJLWSRVVLEOHWR OLQNLQWHUFRQQHFWHG LQIRUPDWLRQEHWZHHQGLVFLSOLQHV
LQ WKH $(& GRPDLQ )LJXUH  VKRZV H[DPSOHV RI $(&GDWDVHWV WKDW KDYH LQWHU
GHSHQGHQFLHVZLWKRWKHU$(&GDWDVHWV&RPPRQIRUWKHPLVWKDWWKH\DOOFRQVXPHGDWD
DERXWWKHVLQJOHFRPSRQHQWVRIWKHEXLOGLQJLQVFRSH:&%HVW3UDFWLFHVIRUGDWDRQWKH
ZHE /µVFLR HW DO  VWDWHV WKDW LQ RUGHU WR LQFUHDVH LQWHURSHUDELOLW\ DQG UHGXFH
UHGXQGDQFLHV UHXVH RI YRFDEXODULHV VKRXOG EH DWWHPSWHG EXW LQ UHVHDUFK SURMHFWV WKH
VDPHFRQFHSWVRIDEXLOGLQJDUHFRQWUDGLFWRU\UHGHILQHGUHSHDWHGO\


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,Q WKLV VHFWLRQ D VHOHFWLRQ RI RQWRORJLHV DUH H[DPLQHG VSHFLILFDOO\ DLPLQJ WR UHWULHYH
FRQFHSWVDQGFODVVHVDERXWEXLOGLQJV:HGLVWLQJXLVKEHWZHHQJHQHULFRQWRORJLHVEURDG
VFRSH DQG GRPDLQVSHFLILF RQWRORJLHV QDUURZ VFRSH 7KH FRQVLGHUHG RQWRORJLHV DUH
OLVWHGLQ7DEOHZKHUHLW LVDOVRVWDWHGZKLFKGRPDLQWKH\VHHNWRFRYHUZKHWKHUWKH\
DUHDFFHVVLEOHRQOLQHDQGWKHQDPHRIWKHEXLOGLQJUHODWHGFODVVHVLIWKHVHDUHSDUWRIWKH
RQWRORJ\ 7KH RIIOLQH RQWRORJLHV DUH PHQWLRQHG LQ WKH OLWHUDWXUH EXW DV WKH\ DUH QRW
SXEOLFO\DYDLODEOHWKH\DUHRIYHU\OLPLWHGXVHLQDOLQNHGGDWDHQYLURQPHQW

 *HQHULFRQWRORJLHV
*HQHULFRQWRORJLHVHQFRPSDVVDZLGHVSDQRIFRQFHSWVWRUHSUHVHQWNQRZOHGJHDERXWWKH
ZRUOGDVZHNQRZLW2QHRIWKHODUJHVWNQRZOHGJHEDVHVRQWKHZHERIGDWDLV'%SHGLD
ZKLFKLVDFRPPXQLW\HIIRUWWRH[WUDFWVWUXFWXUHGLQIRUPDWLRQIURP:LNLSHGLDDQGPDNH
LW DYDLODEOH RQ WKH ZHE $XHU HW DO  7KH'%SHGLD RQWRORJ\ FRQWDLQV FODVVHV WR
GHVFULEHDSODFHDQGDEXLOGLQJEXWWKHPDLQSXUSRVHRIWKHVFKHPDLVWRGHILQHVLPSOH
IDFWVVXFKDVIORRUDUHDEXLOGLQJW\SHDQGQXPEHURIIORRUVDQGKHQFHQRIXUWKHUGHWDLOV
RI WKH EXLOGLQJ FRPSRQHQWV DQG WKHLU UHODWLRQVKLSV DQG FRQWH[W WR WKH EXLOGLQJ FDQ EH
GHVFULEHG7KH VDPH DFFRXQWV IRU VFKHPDRUJ D MRLQW HIIRUW EHWZHHQ%LQJ*RRJOHDQG
<DKRR 5RQDOOR  ZKLFK FDQ RQO\ KROG LQIRUPDWLRQ DERXW ZKHUH D EXLOGLQJ LV
ORFDWHG DQGPDLQO\ VHHV LW DV D ORFDWLRQ RI D FHUWDLQ VHUYLFH RI LPSRUWDQFH WR SHRSOH
$QRWKHUZLGHO\XVHGH[DPSOH LV WKH6XJJHVWHG8SSHU0HUJHG2QWRORJ\ 6802 D VR
FDOOHG XSSHU RQWRORJ\ RU VXSHUVWUXFWXUH IRU LQIRUPDWLRQ WKDW LV WUXH LQ ORWV RI GRPDLQV
3HDVHQRGDWH&RQFHSWVDOUHDG\GHILQHGLQ6802KDYHEHHQGLOLJHQWO\XVHGLQVRPHRI
WKHGRPDLQRQWRORJLHVGHVFULEHGLQVHFWLRQ
7KHPRVW JHQHUDO VFKHPD IRU GHVFULELQJ EXLOGLQJV LV ,)& /LHELFK DQG:L[ 
6HYHUDOUHVHDUFKSURMHFWVKDYHGHDOWZLWKWKHFRQYHUVLRQRIWKLVVFKHPDLQWRDQRQWRORJ\
3DXZHOV DQG 7HUNDM  VXJJHVWHG WKH LIF2:/ DQG 7 0 'H )DULDV 5R[LQ DQG
1LFROOH  VXJJHVWHG WKH LIF:2' ZKLFK IXUWKHU VLPSOLILHV TXHU\LQJ 7KH LIF2:/
RQWRORJ\ FRQWDLQV  FODVVHV DQG  REMHFW SURSHUWLHV DQG EHVLGHV IURP GHILQLQJ
LQIRUPDWLRQ DERXW D EXLOGLQJ LW FDQ DOVR KROG GDWD UHODWHG WR WLPH SODQQLQJ FRVWV
SK\VLFDO XQLWV HWF $Q RQJRLQJ LQLWLDWLYH DLPV DW H[WHQGLQJ WKH VFKHPD WR DOVR KROG
LQIRUPDWLRQDERXW URDGV /HHDQG.LPDQGEULGJHV <DEXNLHWDO )RU WKH
SXUSRVHRID VLPSOHEXLOGLQJ UHSUHVHQWDWLRQ RQHPD\DUJXH WKDW WKH ,)&VFKHPD LV WRR
H[WHQVLYH DQG IRU WKH VDPH UHDVRQ 3DXZHOV DQG 5R[LQ  VXJJHVWHG 6LPSOH%,0
ZKLFK FXWV DZD\ HOHPHQWV OLNH JHRPHWULF GDWD DQG LQWHUPHGLDWH UHODWLRQ LQVWDQFHV
EHWZHHQ REMHFWV 6LPSOH%,0 LV QRW DQ LQGLYLGXDO RQWRORJ\ EXW UDWKHU DQ DSSURDFK WR
SRVWSURFHVVDQLIF2:/FRPSOLDQW5')JUDSKZLWKDVLPSOLILHGEXLOGLQJUHSUHVHQWDWLRQ
$ FRUH RQWRORJ\ LQLWLDWHG E\ WKH 'XWFK FLYLO HQJLQHHULQJ LQGXVWU\ FDOOHG &ELP
FRQVLVWVRIDPLQLPDOVFKHPDFRQWDLQLQJFODVVGHILQLWLRQVIRUREMHFWVWKHLUSURSHUWLHVDQG
WKHLUUHODWLRQVYDQ1HGHUYHHQ%HKHVKWLDQG:LOOHPV7KHRQWRORJ\IXQFWLRQVDV
DQXSSHURQWRORJ\ZLWK WKHFDSDELOLW\RI FKHFNLQJ WKDW UHODWLRQVKLSFRQVWUDLQWVDUHQRW
YLRODWHG DQG WKHPLQLPDOH[WHQW RI LWPHDQV WKDW LW VKRXOG EHH[WHQGHG GHSHQGLQJ RQ
GHPDQG$QRWKHUJHQHUDOEXLOGLQJRQWRORJ\LVWKH%,06KDUHG2QWRORJ\%,062ZKLFK
FDQOLNHZLVHVHUYHDVDFRUHIRUGRPDLQVSHFLILFRQWRORJLHV ,WXVHV WKH81,)250$7,,
FODVVLILFDWLRQV\VWHPIRUGHFODULQJWKHFODVVHVDQGLVWKHUHIRUHQRWDPLQLPDOVFKHPDDV
&ELPEXWUDWKHUDQDOWHUQDWLYHWR,)&.DUVKHQDVDQG1LNQDP

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3URSRVDORID&HQWUDO$(&2QWRORJ\IRU'RPDLQ6SHFLILF([WHQVLRQV
 'RPDLQVSHFLILFRQWRORJLHV
'RPDLQVSHFLILF RQWRORJLHV OLPLW WR YHU\ VSHFLILF GRPDLQV LQ FRQWUDVW WR WKH HDUOLHU
PHQWLRQHGJHQHULFRQWRORJLHV ,QD VHQVHEXLOGLQJRQWRORJLHV VXFKDV LIF2:/%,062
DQG&ELP FRXOG EH FRQVLGHUHG RQWRORJLHV VSHFLILF WR WKH EXLOGLQJ GRPDLQ DVZHOO EXW
WKH\ FRYHU DZLGHU GRPDLQ DV WKH\SRLQW WR RQWRORJLHV RXWVLGH WKH EXLOGLQJ GRPDLQ DV
ZHOOXQLWVJHRPHWU\ORFDWLRQHWF7KLVDOVRKDSSHQVZLWKIRUH[DPSOH*HRJUDSKLFDO
,QIRUPDWLRQ 6\VWHPV *,6 DQG VPDUW FLWLHV RQWRORJLHV ZKLFK W\SLFDOO\ KDYH D
JHRJUDSKLFDOEDVLVWKDWKHDYLO\SRLQWVWREXLOGLQJVFLW\*0/'$5(('DQG6(0$1&2
DUH H[DPSOHV RI RQWRORJLHV LQ WKH VPDUW FLW\ GRPDLQ WKDW LQFOXGH WKH FRQFHSW RI D
EXLOGLQJ FLW\*0/ DQG6(0$1&2 DUH WKH RQO\ RQHV WKDWZHUH DYDLODEOH RQOLQH DW WKH
WLPH RI ZULWLQJ FLW\*0/ KDV LWV RZQ GHILQLWLRQ RI D EXLOGLQJ 6(0$1&2 LQFOXGHV
6802IRUGHVFULELQJRYHUDOOFRQFHSWVOLNH%XLOGLQJDQG)ORRUEXWGHILQHVLWVRZQFODVVHV
IRUZKDWLVQRWFRQWDLQHGLQ68020DGUD]R6LFLOLDDQG*DPERD

7DEOH%XLOGLQJWRSRORJ\LQIRUPDWLRQLQGRPDLQVSHFLILFRQWRORJLHV
2QWRORJ\ 'RPDLQ 2QOLQH %XLOGLQJ 6WRUH\ 5RRP (OHPHQWV
'%SHGLD :RUOG ; %XLOGLQJ   
6FKHPDRUJ :RUOG ; &LYLF
6WUXFWXUH
  
LIF2:/ $(& ; ,IF%XLOGLQJ ,IF%XLOGLQJ6
WRUH\
,IF6SDFH ,IF(OHPHQW
LIF:2' $(&  ; ; ; ;
%,062 $(&  " " " "
&%,0 $(& ;    2EMHFW
6(0$1&2 6PDUW
FLWLHV
; 6802
%XLOGLQJ
6802
)ORRU
6SDFH VXEFODVVHV
FLW\*0/ 6PDUW
FLWLHV
; %XLOGLQJ   
'$5((' 6PDUW
FLWLHV
 " " " "
6($6 6\VWHPV ; %XLOGLQJ %XLOGLQJ
6WRUH\
5RRP %XLOGLQJ
6SDFH
&RQQHFWLRQ
6$5() 6PDUW
KRPHV
;   %XLOGLQJ
6SDFH
%XLOGLQJ
2EMHFW
'RJ2QW 6PDUW
KRPHV
; %XLOGLQJ 6WRUH\ 5RRP %XLOGLQJ
7KLQJ
7KLQN+RPH 6PDUW
KRPHV
; %XLOGLQJ %XLOGLQJ
6WRUH\
6SDFH 2SHQLQJ
(TXLSPHQW

:LWKWKHSUHYDOHQFHRI,QWHUQHWRI7KLQJV,R7WHFKQRORJLHVVHQVRUVDFWXDWRUVPHWHUV
DQGKRPHDSSOLDQFHVQHHGDFRPPRQZD\RIFRPPXQLFDWLQJZLWKDEXLOGLQJ WRFUHDWH
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5DVPXVVHQ0+.DUOVKºM-+YLLG&$DQG3DXZHOV3
VRFDOOHG 6PDUW +RPHV 6PDUW $SSOLDQFHV 5()HUHQFH 6$5() LV DQ H[DPSOH RI DQ
RQWRORJ\ LQ WKLV GRPDLQ ZKLFK LQFOXGHV WKH GHILQLWLRQ RI D EXLOGLQJ 'DQLHOH 
'RJ2QW LV DOVR FRQFHUQHGZLWKKRPH DXWRPDWLRQ DQG LW GHILQHVERWK FRQWUROODEOH DQG
DUFKLWHFWXUDO EXLOGLQJ HOHPHQWV DV ZHOO DV EXLOGLQJ VSDFHV &RUQR DQG %RQLQR 
$QRWKHU RQWRORJ\ 7KLQN+RPH ZKLFK FRQVLVWV RI VHYHUDO VPDOOHU GRPDLQVSHFLILF
RQWRORJLHVWKDWWRJHWKHUVKDSHWKH6PDUW+RPH2QWRORJ\LVDUHILQHPHQWRIWKH'RJ2QW
RQWRORJ\H[WHQGLQJLWZLWKUHSUHVHQWDWLRQVIRUHQHUJ\LQIRUPDWLRQ.RIOHU5HLQLVFKDQG
.DVWQHU3DUWRI7KLQN+RPHLVWKH$UFKLWHFWXUHDQG%XLOGLQJ3K\VLFV,QIRUPDWLRQ
RQWRORJ\ZKLFKUHSUHVHQWVEXLOGLQJLQIRUPDWLRQIRUWKHVFRSHRI6PDUW+RPH6\VWHPV,W
UHWULHYHVLWVFODVVHVIURPJE;0/DQ;0/VFKHPDIRUUHSUHVHQWLQJEXLOGLQJVIRULQGRRU
FOLPDWH DQG HQHUJ\ VLPXODWLRQV 2QWR)0 LV DQ RQWRORJ\ IRU VHQVRUEDVHG EXLOGLQJ
PRQLWRULQJ UHO\LQJ RQ WKH ,)& VSHFLILFDWLRQ IRU UHSUHVHQWLQJ WKH EXLOGLQJ EXW DOVR
LQKHULWLQJNH\FRQFHSWVIURP6802'LEOH\HWDO
6PDUW(QHUJ\$ZDUH6\VWHPV6($6FRQVLVWVRIVHYHUDOVPDOOHURQWRORJLHVWRJHWKHU
IRUPLQJDZKROHLQIUDVWUXFWXUHIRUVWRULQJGDWDDERXWV\VWHPVWKDWFRQVXPHHQHUJ\3DUW
RI WKLV LQIUDVWUXFWXUH LV WKH %XLOGLQJ RQWRORJ\ ZKLFK GHILQHV VSDWLDO HOHPHQWV RI D
EXLOGLQJ EXW RQO\ WKH EXLOGLQJ HOHPHQWV ZKLFK DFW DV D FRQQHFWLRQ EHWZHHQ EXLOGLQJ
VSDFHV 7KH GHYLFH RQWRORJ\ IXUWKHU GHILQHV FRQWUROODEOH GHYLFHV DQG VHQVRUV 7KH
RQWRORJ\XVHVWHUPVGHILQHGLQ LIF2:/JE;0/DQG6$5()EXWGRHVQRWH[WHQGWKHVH
RQWRORJLHVDVWKH\DUHRQO\UHIHUUHGWRE\UGIVVHH$OVR
 %8,/',1*7232/2*<2172/2*<%27
)URP6HFWLRQLWFDQEHFRQFOXGHGWKDWVHYHUDORQWRORJLHVYLRODWHWKHSULQFLSOHRIUHXVH
ZKLFKPLJKW EH GXH WR WKH IDFW WKDW VHYHUDO RQWRORJLHV FRYHU WKHZKROH$(& GRPDLQ
$QRWKHU:&SULQFLSOHLVWRNHHSVFKHPDVOLJKWIRUHDV\UHXVH7KLVPLJKWEHDVHFRQG
NH\ UHDVRQ ZK\ VR OLWWOH RQWRORJ\ UHXVH LV SUHVHQW LQ WKH $(& GRPDLQ $OWKRXJK D
GRPDLQVSHFLILFDQGVWDQGDUGLVHGEXLOGLQJRQWRORJ\LVDYDLODEOHLIF2:/ LW LV IDUIURP
VLPSOHUHXVDEOH7KHUHIRUHZHVXJJHVWFUHDWLQJDVLPSOH%XLOGLQJ7RSRORJ\2QWRORJ\
IRUHDV\UHXVHDFURVVWKHFRQVLGHUHGGRPDLQRQWRORJLHV7KLVRQWRORJ\LVPDGHDYDLODEOH
DW 5DVPXVVHQ DQG LW LV D VLPSOH RQWRORJ\ RQO\ GHILQLQJ WKH FRUH WRSRORJ\ RI D
EXLOGLQJVKRXOGLQFOXGHWKHSK\VLFDODQGFRQFHSWXDOREMHFWVDQGWKHLUUHODWLRQVKLSV7KLV
FDQEHOLPLWHGWRWKHIROORZLQJFRQFHSWV

x $EXLOGLQJLVVXEGLYLGHGLQWRVWRUH\VDQGVSDFHV
x $VSDFHFDQEHERXQGHGE\EXLOGLQJHOHPHQWV
x $VSDFHFDQFRQWDLQEXLOGLQJHOHPHQWV

$FFRUGLQJ WR WKHVH GHILQLWLRQV WKHUH LV D GLUHFW UHODWLRQVKLS EHWZHHQ D VSDFH DQG LWV
DGMDFHQWRUFRQWDLQHGEXLOGLQJHOHPHQWVEXWUHODWLRQVKLSVWRWKHVWRUH\DQGWKHEXLOGLQJ
FDQEHLQIHUUHGE\DQRZOSURSHUW\&KDLQ$[LRP7KHIROORZLQJ)LUVW2UGHU/RJLF)2/
UXOHVRUVXEVHWVRIWKHVHFDQLQIHUKDVHOHPHQWUHODWLRQVKLSV
 ׊EVUHKDV6WRUH\EVרKDV6SDFHVUרDGMDFHQW(OHPHQWUHɦKDV(OHPHQWEH
ZKHUHE %XLOGLQJV 6WRUH\U 6SDFHH (OHPHQW
241 | Proceedings JC3, July 2017 | Heraklion, Greece
3URSRVDORID&HQWUDO$(&2QWRORJ\IRU'RPDLQ6SHFLILF([WHQVLRQV
/LPLWLQJ WKHRQWRORJ\ WRNH\FODVVHVDQGREMHFWSURSHUWLHV UHVXOWV LQDYHU\ VLPSOH
RQWRORJ\WKDWFDQHDVLO\EHH[WHQGHGE\DQ\RQHVHH)LJXUH(YHQWKHRQWRORJLHVOLVWHG
LQ7DEOHDUHFRPSDWLEOHZLWKWKLVRQWRORJ\VRDOVRWKH\FDQUHXVHWKHVHNH\FRQFHSWV
6XFK RQWRORJ\ UHXVH FDQ DSSURSULDWHO\ VWLPXODWH D QHWZRUNHG GDWD H[FKDQJH DV
H[SODLQHGLQWKHLQWURGXFWLRQRIWKLVSDSHU

)LJXUH6LPSOH%XLOGLQJ7RSRORJ\2QWRORJ\%27
 /,1.,1*2172/2*,(6
6HYHUDOVWUDWHJLHVH[LVWIRUOLQNLQJVHSDUDWHGDWDVHWVWKDWUHSUHVHQWGLVWLQFWRQWRORJLHV$V
ZHQRZKDYHDVLWXDWLRQZLWKDFHQWUDO%27RQWRORJ\WKDWLVWREHUHXVHGE\VHYHUDORI
WKHRQWRORJLHVIURPVHFWLRQZHQHHGWREHVSHFLILFLQKRZWKLVUHXVHVKRXOGLGHDOO\WDNH
SODFH 2YHUDOO WKUHH DSSURDFKHV FDQ EH VSHFLILHG IRU OLQNLQJ GDWD IURP GLIIHUHQW
RQWRORJLHV7KHVHDSSURDFKHVDUHDOOYLVXDOLVHGLQWKHH[DPSOHVKRZQLQ)LJXUHZKHUH
D%27FRPSOLDQW GDWDVHW LV H[WHQGHGZLWK JHRJUDSKLFDODQG DSSOLDQFH GDWD7KH VDPH
DSSURDFKHVFDQEHXVHGIRUIXUWKHUH[WHQVLRQZLWK6$5()'RJ2QWHWF
7KH RQWRORJ\ OD\HU DOVR FDOOHG WKH WHUPLQRORJLFDO FRPSRQHQW 7%R[ LV DERYH WKH
GDVKHGOLQHDQGWKHGDWDOD\HUDOVRFDOOHGWKHDVVHUWLRQFRPSRQHQW$%R[LVEHORZ
7RWKHOHIWLQ)LJXUHWKHVHSDUDWHRQWRORJ\DEEUHYLDWHGE\DKIRUKHDWHURQWRORJ\KDVD
FODVV K+HDWHUZKLFK LV VSHFLILHG DV D VXEFODVV RI ERW(OHPHQW7KHUHE\ LW LQKHULWV WKH
SURSHUWLHVRI LWVVXSHUFODVV LQ WKLV FDVH WKH2:/SURSHUW\FKDLQUXOHGHILQLQJ WKDW WKH
KHDWHULVUHODWHGWRWKHEXLOGLQJLQZKLFKLWEHORQJVJLYHQWKDWLWLVFRQWDLQHGLQDVSDFH
RIWKDWEXLOGLQJQRWVKRZQLQWKHILJXUH7KLVDXWRPDWLFDOO\ LQIHUVWKHERWKDV(OHPHQW
OLQNIURPWKHEXLOGLQJ:KHQOLQNLQJWRDQXSSHURQWRORJ\WKLVDSSURDFKLVXVHG

)LJXUH([WHQGLQJD%27FRPSOLDQWGDWDVHWZLWKJHRJUDSKLFDODQGDSSOLDQFH
GDWD

RZOHTXLYDOHQW&ODVV LQ WKH PLGGOH RI )LJXUH  VSHFLILHV WKDW D FODVV GHILQHG LQ RQH
RQWRORJ\ KDV DQ HTXLYDOHQW FODVV LQ DQRWKHU RQWRORJ\ 7KH JHR%XLOGLQJ FODVV RI WKH
JHRJUDSK\RQWRORJ\ LVVSHFLILHG WREHHTXDO WR WKHERW%XLOGLQJFODVV 7KLVVWDWHPHQW LV
ERW6SDFHERW6WRUH\ERW%XLOGLQJ ERW(OHPHQW
ERWKDV6WRUH\
ERWKDV(OHPHQW
ERWKDV6SDFH
ERWDGMDFHQW(OHPHQW
ERWFRQWDLQV(OHPHQW
KHDWHU
ERWKDV(OHPHQW
UGIVVXE&ODVV2I
EXLOGLQJ
K+HDWHU
ERW(OHPHQW
UGIW\SH
UGIW\SH ORFDWLRQ
UGIW\SH UGIW\SHUGIW\SH UGIW\SH
JHRKDV/RFDWLRQ
7%R[
$%R[
UGIVVXE&ODVV2I
JHR3K\VLFDO(OHPHQW
RZOHTXLYDOHQW&ODVV
UGIVGRPDLQ
UGIVUDQJH
JHRKDV/RFDWLRQ
ERW%XLOGLQJ JHR%XLOGLQJ JHR/RFDWLRQ
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5DVPXVVHQ0+.DUOVKºM-+YLLG&$DQG3DXZHOV3
GHILQHG LQ WKH7%R[KHQFHH[WHQGLQJ WKH%27 RQWRORJ\DQG LW LQIHUV WKH IDFW WKDW WKH
EXLOGLQJLQVWDQFHLVRIW\SHJHR%XLOGLQJDQGLWVVXSHUFODVVJHR3K\VLFDO(OHPHQW
(VWDEOLVKLQJW\SHGOLQNVEHWZHHQLQGLYLGXDOVLQWKHGDWDOD\HULVDQRWKHUDSSURDFKWR
FRPELQLQJ RQWRORJLHV ,I WKH *(2 RQWRORJ\ VSHFLILHV WKH GRPDLQ DQG UDQJH RI WKH
JHRKDV/RFDWLRQ SURSHUW\ DV LOOXVWUDWHG LW LV LQIHUUHG WKDW WKH EXLOGLQJ LQVWDQFH LV D
JHR3K\VLFDO(OHPHQW DQG WKH ORFDWLRQ LQVWDQFH LV D JHR/RFDWLRQ 7KH UHGXQGDQW
JHR%XLOGLQJFODVV LVXQQHFHVVDU\ZLWKWKLVDSSURDFK2QHDGYDQWDJHRIWKHW\SHGOLQNV
DSSURDFK LV WKDW WKH OLQNVDUH YLVLEOHDW WKH GDWD OD\HU JLYLQJ DEHWWHU WUDQVSDUHQF\ WR
ZKDWLVGHILQHG
 &21&/86,21
%\H[DPLQLQJGRPDLQVSHFLILFRQWRORJLHVLQWKHVFRSHRI$(&LWZDVIRXQGWKDWWKH\DOO
UHGHILQH VLPLODU FRQFHSWV RI D EXLOGLQJ KHQFH FUHDWLQJ RYHUODSV7KH VXJJHVWHG VLPSOH
H[WHQGDEOH%27RQWRORJ\ZLOOKHOSRYHUFRPHWKHREVHUYHGUHGXQGDQF\LVVXHVFXUUHQWO\
YLRODWLQJ:&EHVWSUDFWLFH UXOHVDQG LWZLOO DOORZ IRUDQHDVLO\DFFHVVLEOH H[WHQGDEOH
EDVHWRFRQQHFWZLWKH[LVWLQJDQGIXWXUHGRPDLQRQWRORJLHVKRSHIXOO\OHDGLQJWRDZLGHU
GLVWULEXWLRQDQGDPRUHUDSLGGHYHORSPHQWRIWKHWHFKQRORJ\
'LVWULEXWHGRQWRORJLHVKDYHVHYHUDODGYDQWDJHVRYHUDRQHVL]HILWVDOODVLWPDNHVLW
SRVVLEOH IRUGRPDLQVSHFLDOLVWV WRGHYHORSDQGPDLQWDLQRQWRORJLHVPHHWLQJ WKH VSHFLILF
GHPDQGVDQGXVHRIZHEWHFKQRORJLHVLQDGGLWLRQPDNHVLWSRVVLEOHIRUH[SHUWVLQRWKHU
LQGXVWULHV WR KDYH D EHWWHU LQWHUIDFH WR WKH$(& LQGXVWU\ ,Q VHFWLRQ  VSHFLILF GRPDLQ
RQWRORJLHV ZHUH LQYHVWLJDWHG EXW LW ZRXOG QRW EH KDUG WR LPDJLQH QHZ RQHV LQ RWKHU
GRPDLQVHPHUJLQJLQQHDUIXWXUH
7KUHHGLIIHUHQWDSSURDFKHVWROLQNLQJRQWRORJLHVZHUHH[SODLQHG:KHQH[WHQGLQJDQ
H[LVWLQJRQWRORJ\ZLWKQHZFODVVHVGHILQLQJWKHPDVVXEFODVVHVRIDPRUHJHQHUDOFODVVLV
DSSOLFDEOHDVLWDOORZVIRULQKHULWDQFHRISURSHUWLHV7KHVXJJHVWHG%27RQWRORJ\PLJKW
EHQHILW IURPKDYLQJPRUHVSHFLILF FODVVHV IRUEXLOGLQJ UHODWHGHOHPHQWV LQ WKH IXWXUHDV
WKHERW(OHPHQWFODVVLVWHQGLQJWRZDUGDQXSSHURQWRORJ\GHILQLWLRQZKLFKZDVQRWWKH
LQWHQWLRQ$VWDUWLQJSRLQWFRXOGEHWRGHILQHVXEFODVVHVGHILQHGLQ,)&DQGIRUIXUWKHU
GHWDLOLQJ PRUH VXEFODVVHV RI ERW(OHPHQW FRXOG EH JHQHUDWHG LQ GRPDLQ RQWRORJLHV
(VWDEOLVKLQJ W\SHG OLQNV ZDV IRXQG WR EH WKH EHWWHU OLQNLQJ DSSURDFK DV LW SURYLGHV
WUDQVSDUHQF\ DQG RPLWV WKH UHGXQGDQF\ RI LH RZOHTXLYDOHQW&ODVV ,W DOVR DOORZV IRU D
GLUHFW OLQNEHWZHHQIRUH[DPSOHVHQVRUGDWDDQGDERW6SDFHLQVWDQFHZKLFKFDQHDVLO\
EHGHILQHGE\WKHHQGXVHU
 $&.12:/('*0(176
6SHFLDOWKDQNVWRWKH$OHFWLD)RXQGDWLRQDQG,QQRYDWLRQ)XQG'HQPDUNIRUIXQGLQJ
 5()(5(1&(6
$XHU6%L]HU&.RELODURY*/HKPDQQ-&\JDQLDN5DQG,YHV=؂'%SHGLD
$1XFOHXV IRUD:HERI2SHQ'DWD؃ LQ7KH VHPDQWLFZHE 6SULQJHUSS ׽
$YDLODEOHDWKWWSZZZFLVXSHQQHGXa]LYHVUHVHDUFKGESHGLDSGI
&RUQR)DQG%RQLQR'  ؂'RJ2QW 2QWRORJ\0RGHOLQJ IRU ,QWHOOLJHQW'RPRWLF
(QYLURQPHQWV؃ LQ ,6:& ؃  3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ
7KH6HPDQWLF:HESS׽GRLB
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3URSRVDORID&HQWUDO$(&2QWRORJ\IRU'RPDLQ6SHFLILF([WHQVLRQV
'DQLHOH /  6$5() WKH 6PDUW $SSOLDQFHV 5()HUHQFH RQWRORJ\ $YDLODEOH DW
KWWSRQWRORJ\WQRQOVDUHI$FFHVVHG1RYHPEHU
'LEOH\0/L+5H]JXL<DQG0LOHV-؂$QRQWRORJ\IUDPHZRUNIRULQWHOOLJHQW
VHQVRUEDVHGEXLOGLQJPRQLWRULQJ؃$XWRPDWLRQLQ&RQVWUXFWLRQ(OVHYLHU%9SS
׽GRLMDXWFRQ
)DULDV70'H5R[LQ$0DQG1LFROOH&  ؂,IF:R'6HPDQWLFDOO\$GDSWLQJ
,)& 0RGHO 5HODWLRQV LQWR 2:/ 3URSHUWLHV؃ LQ 3URFHHGLQJV RI WKH QG &,%:
&RQIHUHQFH(LQGKRYHQSS׽
.DUVKHQDV6DQG1LNQDP0 ؂2QWRORJ\%DVHG%XLOGLQJ,QIRUPDWLRQ0RGHOLQJ؃
&RPSXWLQJ LQ &LYLO (QJLQHHULQJ SS ׽ GRL
KWWSG[GRLRUJ
.LYLQLHPL $  5HTXLUHPHQWV PDQDJHPHQW LQWHUIDFH WR EXLOGLQJ SURGXFW PRGHOV
9773XEOLFDWLRQV6WDQIRUG8QLYHUVLW\
.RIOHU0-5HLQLVFK&DQG.DVWQHU:؂$VHPDQWLFUHSUHVHQWDWLRQRIHQHUJ\
UHODWHGLQIRUPDWLRQLQIXWXUHVPDUWKRPHV؃(QHUJ\DQG%XLOGLQJV(OVHYLHU%9
SS׽GRLMHQEXLOG
/HH6+DQG.LP%*؂,)&H[WHQVLRQIRUURDGVWUXFWXUHVDQGGLJLWDOPRGHOLQJ؃
3URFHGLD (QJLQHHULQJ (OVHYLHU %9  SS ׽ GRL
MSURHQJ
/LHELFK 7 DQG :L[ -  ؂+LJKOLJKWV RI WKH GHYHORSPHQW SURFHVV RI LQGXVWU\
IRXQGDWLRQFODVVHV؃LQ3URFHHGLQJVRIWKH&,%:&RQIHUHQFH
/µVFLR % ) %XUOH & &DOHJDUL 1 *UHLQHU $ ,VDDF $ ,JOHVLDV & DQG /DXIHU &
 'DWD RQ WKH :HE %HVW 3UDFWLFHV :& $YDLODEOH DW
KWWSZZZZRUJ75GZES$FFHVVHG1RYHPEHU
0DGUD]R/6LFLOLD$DQG*DPERD*؂6(0$1&2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